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[57] ABSTRACT 
In a combustion air supply system, particularly a sec 
ondary air supply system for a recovery furnace, the 
secondary air inlet ports are divided into two arrays in 
such a manner that the combustion air coming in 
through the inlet ports of the ?rst array is directed in 

- part to contact and in part to by-pass a central region in 
the outer surface of a carbonization layer. The combus 
tion air coming in through the inlet ports of the second 
array is directed to by-pass the combustion air coming 
in through the inlet ports of the ?rst array thereabove. 
The ?rst and second arrays are located on the opposite 
walls of the combustion chamber, preferably on the 
front and rear walls. The recovery furnace further com 
prises a primary air supply zone for blowing combus 
tion air onto the sides of the carbonization layer and a 
tertiary air supply zone above a waste liquor inlet. 

11 Claims, 4 Drawing Sheets 



US. Patent Apr. 16, 1991 Sheet 1 of 4 5,007,354 

FIG.I 



US. Patent Apr. 16, 1991 Sheet 2 of 4 5,007,354 



US. Patent Apr. 16, 1991 Sheet 3 of 4 5,007,354 



US. Patent Apr. 16, 1991 Sheet 4 of 4 5,007,354 

FIG.6 



5,007,354 
1 

COMBUSTION AIR SUPPLY SYSTEM FOR A 
RECOVERY FURNACE 

BACKGROUND OF THE INVENTION 

The present invention relates to a combustion air 
supply system for a recovery furnace. 

Particularly in recovery furnaces, so-called soda fur 
naces, designed for processing the waste liquor, so— 
called black lye, produced in certain manufacturing 

5 

processes of paper industry, there often occur problems 7 
relating to operation, emissions and processes resulting 
from a combustion air supply system which has been a 
long-standing problem in the art. In the combustion or 
?ring chambers of a recovery furnace designed with 
traditioanl combustion air supply systems, the combus 
tion-air flows coming particularly through so-called 
secondary air inlet ports from all the walls of a combus 
tion chamber on substantially the same horizontal plane, 
join together in the corner regions of a combustion 
chamber to form powerful diagonal flows directed 
towards the center of the combustion chamber. These 
flows directed from the corners towards the center of a 
combustion chamber merge into each other at the cen 
ter of the combustion chamber and produce a powerful 
flow directed upwards in the center of a combustion 
chamber. 0n the basis of experiments it has been found 
that the rate of this local flow can be more than 15 m/ s, 
which is a rate or velocity approximately four times 
higher than the average upward velocity of ?ue gases in 
a combustion chamber. Since black lye is delivered into 
a combustion chamber by injection in vertical direction 
above secondary-air ports, it is obvious that some of the 
black lye in the form of droplets is entrapped in the 
upward-directed powerful ?ue-gas ?ow which carries 
the droplets to the upper section of the combustion 
chamber and to its overhead superheaters. The droplets 

- burn completely out, thus causing within this region too 
high a temperature, cloggings, corrosion and sulphur 
(S02, H28) emissions higher than normal. It is also know 
that, as some of the fuel burns out “in a wrong place”, 
temperature in the lower section of a combustion cham 
ber, wherein the fuel is supposed to burn out com 
pletely, will be lower than it would be if the processing 
advanced in a desired manner so that the entire amount 
of black lye would end up in in a caronization layer 
formed in the bottom section of a combustion chamber. 
This naturally lowers the efficiency of the processing or 
the reduction of sulphur. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a combustion 
air supply system for a recovery furnace, capable of 
eliminating a great deal of the above problems and, thus, 
improving considerably the process of the recovery 

In order to achieve the above object, a combustion 
air supply system of the invention is principally charac 
terized in that the combustion air inlet ports, so-called 
secondary air inlet ports, located between the black 
liquor supply point and a carbonization layer formed on 
the floor of a combustion chamber during the process 
ing and extending in the vertical direction of a combus 
tion chamber, are divided into two arrays in such a 
manner that 

the combustion air coming in through the ?rst array 
of inlet ports is at least partially directed to contact 
and pass the outer surface of a carbonization layer, 
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2 
especially the central region of a carbonization 
layer, 

the combustion air coming in through the second 
array of inlet ports is adapted to pass above the 
combustion air coming through the ?rst array of 
inlet ports, and 

the inlet ports making up the ?rst and second array 
are located on the opposite walls of a combustion 
chamber, preferably on the front and rear wall. 

With the above-described combustion air supply sys 
tem, the combustion air ?ows coming through the ?rst 
and second array of inlet ports by-pass each other with 
out actually colliding with each other. This prevents the 
formation of powerful resultant flows and the flue-gas 
flow directed upwards from the region of secondary-air 
ports is substantially more peaceful and uniform over 
the entire horizontal cross-surface area of a combustion 
chamber. Thus, the droplets coming into a combustion 
chamber through the waste liquor inlet are carried 
downwards into a carbonization layer in a uniform air 
zone for drying the droplets. In addition, the supply 
system facilitates the conditioning of the surface of a 
carbonization layer, which in terms of the process of a 
recovery furnace is the most important subsection 
thereof, particularly the conditioning of its central re 
gion. Usually, the side faces of a cone-shaped carboniza 
tion layer are subjected to a so-called primary air flow 
through primary-air ports located vertically below the 
secondary-air ports. Thus, the entire carbonization 
layer can be maintained active and the process can be 
run at maximum ef?ciency. In addition, the combustion 
air coming in through the ?rst array of inlets maintains 
the height of a carbonization layer substantially con 
stant, as it is directed to contact the central region of a 
cone-shaped carbonization layer, in which region the 
height of a cone-shaped carbonization layer tends to 
increase, especially when using traditional combustion 
air supply systems. A combustion air supply system of 
the invention can be accompanied by a tertiary-air sup 
ply system, which is mounted above the waste liquor 
inlet and similarly constructed by applying the principle 
of arraying. The provision of inlet ports belonging in 
the arrays on the opposite walls of a combustion cham 
ber produces a substantially uniform distribution of the 
flow over the entire cross-surface area. It is preferable 
that the inlet ports be provided on the front and rear 
wall, whereby the flow is symmetrical in transverse 
direction, that is in sections taken orthogonally to the 
side walls. The transverse direction is a critical direc 
tion in terms of the operations of a recovery furnace, for 
example in terms of the loading of superheaters. The 
flow is also suf?ciently symmetrical in longitudinal 
sections taken in a direction orthogonal to the above 
mentioned direction. However, this direction is not 
quite as critical in terms of the operations of a recovery 
furnace. 

It is obvious that a supply system of the present in 
vention can be modi?ed in many different ways within 
the scope of the basic idea. A few preferred embodi 
ments of a combustion air supply system of the inven 
tion for a recovery furnace are set forth in the annexed 
non-independent claims. 
Theinvention will now be described in more detail 

with reference made to the accompanying drawings. In 
the drawings 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows schematically and in a vertical section 
the combustion chamber of a recovery furnace embody 
ing one embodiment of a combustion air supply system 
of the invention, and 
FIGS. 2-6 are schematic perspective views a few 

alternative embodiments for a combustion air supply 
system of the invention. 

DETAILER DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The combustion chamber shown in FIG. 1 comprises 
a front wall 1 and a rear wall 2 as well as two side walls 
3. The combustion chamber of a recovery furnace hav 
ing a rectangular and square-shaped cross-section. The 
combustion chamber includes a ?oor 4 attached to the 
lower wall portions. The rear wall is provided in its 
lower portion with a melt matter outlet and discharge 
chute, indicated by reference numeral 5. The inlet of 
waste liquor in vertical direction is indicated by an 
arrow 6. The surface of a cone-shaped carbonization 
layer being built on the combustion chamber ?oor is 
indicated by a curved line 7. 

In the illustrated embodiment, the supply of combus 
tion air is effected at three different main stages. The 
supply of so-called primary air P occurs onto the sur 
faces of a carbonization layer at the level. Between the 
top portion of a carbonization layer (the highest portion 
7a in the middle of a combustion chamber, that is the 
central region) and the waste liquor inlet (arrow 6) in 
vertical direction occurs so-called secondary air supply 
S. Above the waste liquor inlet (arrow 6) occurs so 
called tertiary air supply T. 
The primary air supply P is effected at two levels 

through inlet ports made in each wall. A ?rst and lower 
primary air supply level P1 has an effect on the the 

_ surface of a carbonization layer in the portion closest to 
walls 1-3. A second primary air supply level P2 has an 
effect on the side faces of a carbonization layer at higher 
level. The second primary air supply level P2 is ar 
ranged in such a manner that the corresponding hori 
zontally aligned inlet ports 8 are located in the central 
region of each wall while the lower, ?rst air supply 
level P1 is arranged in such a manner that the corre 
sponding horizontally aligned inlet ports 9 are located 
over the entire width of each wall. According to the 
invention, the secondary air supply S is divided into two 
arrays S1 and S2. In the embodiment of FIG. 1, the inlet 
ports located in rear wall 2 make up the ?rst array S1. 
The combustion air coming through the inlet ports of 
this array S1 is directed to the outer surface of a carbon 
ization layer 7 in such a manner that at least part of it 
encounters the central portion 7a of a carbonization 
layer and by-passes the center line K of carbonization 
layer and combustion chamber and de?ects upwards 
near the front wall 1 according to the main ?ow direc 
tion shown by dash-and-dot lines in FIG. 1. The com 
bustion air coming in through inlet ports included in the 
?rst array S1 can be directed, as shown in FIG. 1, either 
diagonally downwards to contact the central region of 
a carbonization layer or the combustion air ?ow can be 
directed horizontally. The orientation of combustion air 
can be made adjustable. 
The inlet ports included in the second array S2 of 

secondary air supply S are located on the front wall 1 of 
a combustion chamber in the embodiment of FIG. 1. 
The second array S2 is arranged in such a manner that 
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4 
combustion air by-passes above the combustion air 
coming in through the inlet ports of ?rst array S1. If, as 
in the embodiment of FIG. 1, the inlet ports of first 
array S1 and second array S2 are horizontally arranged 
at a substantially common level, the combustion air 
coming in through the inlet ports of second array S2 is 
directed diagonally upwards as shown in FIG. 1, the 
main ?ow of combustion air proceeding as depicted by 
dash-and-dot lines in FIG. 1, the flow direction of com 
bustion air traversing the center line K of a combustion 
chamber and de?ects more dramatically upwards near 
the rear wall 2 of a combustion chamber. The combus 
tion air flow coming in through the inlet ports of second 
array S2 can also be made horizontal, preferably in such 
a manner that the inlet ports are located in vertical 
direction at a higher level than those of ?rst array S1. It 
is preferable to stagger the inlet ports in the front and 
rear wall particularly in such a manner that a combus 
tion air ?ow coming through a given inlet port included 
in ?rst array S1 is directed in between two adjacent 
inlet ports included in second array S2 and vice versa. 
Thus, the combustion air flows criss-cross each other at 
a point 10 of FIG. 1 near the front wall without substan 
tial disturbances since the combustion air ?ows directed 
from the adjacent inlet ports of second array S2 are 
fresh out of the inlet port and thus relatively powerful 
and, hence, distributed over rather small cross-sectional 
areas, which is why the combustion air flow from the 
?rst array, which is already more peaceful and distrib 
uted over a larger cross-sectional area, will be able to 
by-pass the two adjacent combustion air ?ows therebe 
tween. 
The tertiary air supply T is also effected according to 

FIG. 1 by the application of an array distribution. The 
rear wall 2 is provided with inlet ports making up the 
first array T1, a combustion air ?ow coming there 
through being directed diagonally downwards, the 
main ?ow direction of combustion air following the 
trajectory shown by dash-and-dot lines towards front 
wall 1 and upwards. correspondingly, the front wall is 
provided at a higher level if compared to the ?rst array 
T1 with a second array T2 of tertiary air supply, a com 
bustion air ?ow coming through its inlet ports being 
directed diagonally upwards, the main flow direction of 
combustion air following the trajectory shown by dash 
and-dot lines towards rear wall 2 and upwards. The 
alternative embodiments corresponding to secondary 
air supply S apply also to tertiary air supply T and, thus, 
are not discussed further in this context. The above 
described overall arrangement of secondary and ter 
tiary air supplies is capable of providing an alternating 
or staggered overall air supply system, since in vertical 
direction the combustion air flows coming from the 
front wall on the one hand and from the rear wall on the 
other hand stagger or alternate one after the other. 
FIGS. 2-5 illustrate schematically in more detail a 

combustion air supply system of the invention, particu 
larly in terms of the disposition of inlet ports of arrays 
S1 and S2 and the orientations of combustion air ?ows 
coming therethrough, the arrays being positioned in 
two opposite walls either by having the entire arrays in 
different walls or by dividing the arrays on opposite 
walls in a manner that one and the same wall carries 
inlet ports included both in the ?rst and in the second 
array. 
FIG. 2 illustrates schematically the embodiment of 

secondary air supply S shown in FIG. 1. The rear wall 
2 includes at fixed intervals inlet ports 11 set in a hori 
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zontal line 12. Inlet ports 11 are staggered relative to 
inlet ports 13 of a row 14 of inlet ports provided on 
front wall 1 as viewed in the longitudinal direction of 
the cross-section of a combustion chamber. The air 
?ows coming in from inlet port 11 are directed diago 
nally downwards (angle a). Respectively, the air flows 
coming in from inlet ports 13 are directed diagonally 
upwards (angle b). the rows 12 and 14 of inlet ports are 
located at the same horizontal level. 
FIG. 3 illustrates the arrangement of secondary air 

supply S, wherein the inlet ports of inlet port rows on 
the front and rear wall are staggered in the horizontal 
cross-section of a combustion chamber as viewed in the 
longitudinal direction of a recovery furnace. In addi 
tion, the inlet ports 13 included in a row 14 of inlet ports 
formed in the front wall are located in vertical direction 
at a higher level (dimension h) than the inlet ports 11 
included in a row 13 of inlet ports formed in rear wall 2. 
Thus, the combustion air ?ows issuing from inlet ports 
11, 13 can be directed in horizontal direction, as shown 

_ in FIG. 3. The vertical position of a row of inlet ports in 
?rst array S1 is such that the combustion air flows come 
into contact with central region 7a of a carbonization 
layer. 
The embodiments shown in FIGS. 2 and 3, wherein 

the ?rst S1 and second S2 array are provided on differ 
ent walls, can naturally be combined in a variety of 
ways, particularly in terms of the orientation of combus 
tion air ?ows. 
FIG. 4 illustrates the arrangement of secondary air 

supply S, wherein every other inlet port 11a of a row 12 
of inlet ports located in rear wall 2 of a combustion 
chamber in included in the ?rst array S1, whereby the 
combustion air ?ow is directed diagonally downwards 
(angle a), and every other inlet port 11b is included in 
the second array S2, whereby the combustion air ?ow is 
directed diagonally upwards (angle b). The correspond 
ing arrangement applies to inlet ports 13a. 13b of a row 

' 14 of inlet ports located in front wall 1. Thus, both inlet 
ports 11a and 13a making up the ?rst array S1 and inlet 
ports 11a and 11b making up the second array S2 are 
staggered relative to each other in a manner that com 
bustion air ?ows will be staggered both within and 
between the arrays. This can be achieved in a manner 
that in both rows of inlet ports a pair of inlet ports 
provided by two adjacent inlet ports is staggered rela 
tive to similarly established adjacent pairs of inlet ports 
in the opposite wall. Each pair of inlet ports includes an 
inlet port belonging both to the ?rst and to the second 
array, whereby in both rows 12, 14 of inlet ports the 
?rst inlet ports of the pairs of inlet ports in their longitu 
dinal direction are included in the same array and vice 
versa. 

A similar arrangement is established also in the sys 
tem of secondary air supply S shown in FIG. 5, wherein 
the relatively staggered ?rst array S1 (inlet ports 11a, 
13a) and second array S2 (inlet ports 11b and 13b) lo 
cated in the opposite walls are in vertical direction 
(dimension h) disposed in different vertical positions 
and the combustion air ?ows are adapted to occur in 
horizontal direction. Arrays S1 and S2 are also stag 
gered relative to each other. 
FIG. 6 illustrates the arrangement of secondary air 

supply S, wherein both front and rear wall are provided 
with two rows 12, 14 of inlet ports 11, 13. The inlet 
ports 11, 13 of both rows 12, 14 are positioned on top of 
each other and the rows of front and rear wall are stag 
gered. The lower row 12 both in front and in rear wall 
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6 
makes up a ?rst array S1, the combustion air flows 
coming through the inlet ports thereof being directed 
diagonally downwards (angle a). The upper row both in 
front and in rear wall makes up a second array S2, the 
combustion air ?ows coming through the inlet ports 
thereof being directed diagonally upwards (angle b). 
This produces two arrays of combustion air flows stag 
gered with each other inside the particular array. 
The embodiments shown in FIGS. 4 and 5, wherein 

both opposite walls are provided with inlet ports in 
cluded in both arrays, can of course be combined in 
terms of ?ow directions. It is also obvious that all de 
scribed embodiments can be combined in a variety of 
ways within the basic concept of the invention. 

I claim: 
1. A combustion air supply system for a recovery 

furnace which includes a combustion chamber de?ned 
by a front and a rear wall, side walls and a ?oor serving 
as heat transfer surfaces, means mounted above the 
floor for delivering into the combustion chamber a 
waste liquor, particularly black lye, obtained from an 
industrial process and serving as fuel, and an outlet 
means communicating with combustion chamber floor 
and intended for discharging melt substance from a 
carbonization layer building up on the ?oor as a result 
of incineration, said combustion air supply system com 
prising: 

combustion air inlet ports disposed in at least one wall 
of the combustion chamber, said combustion air 
inlet ports including secondary air inlet ports 
which are located in the vertical direction of the 
combustion chamber between a waste liquor sup 
ply point and the carbonization layer formed on the 
?oor of the combustion chamber during the pro 
cessing, said secondary air inlet ports being divided 
into two arrays in such a manner that: 

(a) the combustion air coming in through inlet ports 
of a ?rst array is directed such that at least a por 
tion of the air contact the outer surface of the car 
bonization layer, and the remaining portion of the 
air bypasses substantially along the central region 
of the carbonization layer; 

(b) the combustion air coming in through inlet ports 
of a second array is adapted to bypass substantially 
above the combustion air coming through inlet 
ports of the ?rst array; and 

(c) said inlet ports making up said ?rst and second 
arrays are located on the opposite walls of the 
combustion chamber. 

2. A supply system according to claim 1, wherein the 
opposite walls are front and rear walls. 

3. A supply system according to claim 1, wherein the 
inlet ports of ?rst and second arrays are located on 
different walls of the combustion chamber. 

4. A supply system according to claim 1, wherein at 
least one wall of a combustion chamber is provided 
with inlet ports included in both ?rst and second arrays. 

5. A supply system according to claim 1, wherein the 
inlet ports included in said ?rst and second arrays are 
located in the horizontal section of the combustion 
chamber in a staggered pattern in such a manner that in 
the main flow direction of combustion air, the combus~ 
tion air coming in through an inlet port at one wall is, 
for the most part, directed in between the combustion 
air ?ows coming in through adjacent inlet ports located 
on the opposite wall. 

6. A supply system according to claim 1, wherein the 
inlet ports included in said ?rst and second arrays are 
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located at substantially the same horizontal level, and 
wherein a combustion air ?ow occurring through inlet 
ports included in at least either one of the arrays is 
de?ected from the horizontal plane. 

7. A supply system according to claim 1, wherein the 
combustion air coming in through inlet ports included 
in the ?rst array is directed diagonally downward to 
contact the outer surface of the carbonization layer, at 
least the central region of said carbonization layer. 

8. A supply system according to claim 1, wherein the 
combustion air coming in through the inlet ports in 
cluded in said second array is directed diagonally up 
wards. 

9. A supply system according to claim 1, wherein the 
inlet ports included in said ?rst array are in a vertical 
direction located lower down on the wall of a combus 
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8 
tion chamber than the inlet ports included in said sec 
ond array. 

10. A supply system according to claim 2, wherein 
the inlet ports of said ?rst array are located on the rear 
wall of said combustion chamber, and wherein the out 
let for the melt substance is also located on the side of 
said rear wall. 

11. A supply system according to claim 1, wherein a 
tertiary air supply system mounted above said waste 
liquor inlet is also divided into two arrays, said arrays 
being arranged in a manner corresponding to said sec 
ondary air supply system, such that a ?rst array of said 
tertiary air supply system is located on the same wall as 
the ?rst array of said secondary air supply system. 
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